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1
DIANHYDRIDE AND POLYIMIDE

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims the benefit of U.S. Provisional
Application No. 62/003,658, filed on May 28, 2014, the
entireties of which are incorporated by reference herein.

TECHNICAL FIELD

The disclosure relates to a polyimide, and a dianhydride
used to form the polyimide.

BACKGROUND

In general, Polyimide has been widely used in various
technical fields because it exhibits excellent high-tempera-
ture resistance, excellent chemical-resistance properties, high
insulation, and high mechanical strength. Unfortunately, P1is
difficult to dissolve in common solvents, because of its non-
polar groups, such as aromatic rings and imino groups. How-
ever, close packing of molecular backbones causes difficulty
in industrial manufacturing processes of PI and some prob-
lems in application. Therefore, thermoplastic polyimide
(TPI) has been developed. Determining the performance of P1
due to the monomer structure, some soft groups were usually
introduced into TPI. However, for subsequent processing at
high temperatures, it may lead to change in its structure and
thermal properties, which reduce the heat resistance of the
polymer and affect the performance thereof.

Accordingly, anovel Pl monomer to meet the requirements
of thermoplastic ability and heat-resistance is called-for.

SUMMARY

In accordance with one embodiment of the disclosure, a

dianhydride is provided. The dianhydride has a chemical 0

structure represented by formula 1:

O O
(@) O
Ar
(@) O
(@) O
In formula 1, Ar is a fluorene-containing group.
In accordance with another embodiment of the disclosure,

apolyimideis provided. The polyimide has a repeating unit as
represented by formula 2:

(6] (€]
O, O
Ar
N N
(6] 6]

(Formula 1)

2

In formula 2, Ar is a fluorene-containing group, and n is a
positive integer from 1 to 5.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the disclosed embodi-
ments. [t will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. Inother
instances, well-known structures and devices are shown sche-
matically in order to simplify the drawing.

10

According to the embodiments of the disclosure, the dis-
closure provides a dianhydride, which has a chemical struc-
ture represented by formula 1:

20
(Formula 1)
e} e}

O, O

25
Ar

O, O

O 6}
30

In formula 1, Ar may be a fluorene-containing group.

In some embodiments, the fluorenyl group may be one of
the groups shown in formula 3 to formula 5:

(Formula 3)
o o
45 Q O
(Formula 4)
"o o
// \\
50
55 L ! g |
(Formula 2)
e}
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3

-continued

eyt
S20

In accordance with another embodiment of the disclosure,

(Formula 5)

the dianhydride can be polymerized with a diamine to form a

polyimide with a repeating unit of a chemical formula 2:

10

15

4

-continued
o o) 0]
T

The dianhydrides mentioned above can be polymerized
with a diamine to form a polyimide, but is not limited thereto.
For example, the dianhydride can also be polymerized with a
glycol to form a polyester. If the dianhydride is polymerized
to form a polyimide with a diamine, it may have a soft func-
tional group with a chemical structure represented by formula
6:

(Formula 5)

(Formula 2)

leogavetei=e’

Informula 2, Ar may be a fluorene-containing group, and n

is a positive integer from 1 to 5.

In a embodiment, the fluorenyl group may be one of the

groups shown in formula 3 to formula 5:

. _ (Formula 3)
O O
// O O \\
(Formula 4)
"o o]
// \\
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(Formula 6)

H,N 0 NH,

The reaction of the aforementioned dianhydrides with
diamines is shown in Formula 7. In Formula 7, n is the number
of repetitions. In one embodiment of the disclosure, the start-
ing solids content of the reaction of the dianhydride and the
diamine in a solvent is between 15 wt % and 30 wt %. If the
solid content is too low, problems can arise, such as the
molecular collision frequency being lower and the reaction
not conducting easily, leading to low polymerization. If the
solid content is too high, it causes a high solution viscosity
and has difficulty stirring uniformly. Forming PI reaction
contains two sections: in the front ring-opening, the reaction
temperature is between 0 and 25° C. (room temperature), and
in the ring-closing, reaction temperature is between 180 and
210° C. The product PI Formula 7 has a weight average
molecular weight of 20,000 to 80,000. If the weight average
molecular weight of PI is too high to result in decreased
solubility for the solvent, it is not conducive to the later
application of a film formation process. If the weight average
molecular weight of P1 is too low, it causes film-forming to be
difficult.
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(Formula 7)

(€] (€]
(0]
3 o HZN@O@NHZ
n
(6]

In one embodiment of the disclosure, first of all, PI can be
melted to produce a thick film, and then the film can be
stretched in the MD and TD directions to form a thin film. By
adjusting the stretching temperature/ratio/speed and thermal
setting temperature/time, some better film properties can be
obtained. i.e. the heat resistance of the film can be greater than
310° C. and the ratio of thermal expansion coefficient in the
length direction (MD direction) to thermal expansion coeffi-
cient in the width direction (TD direction) can be less than or
equal to 20/10. Therefore, the aforementioned PI has the
advantages of heat resistance (high thermal decomposition
temperature and a high glass transition temperature) and
excellent hot workability.

Below, exemplary embodiments will be described in detail
with reference to the accompanying drawings so as to be
easily realized by a person having ordinary knowledge in the
art. The inventive concept may be embodied in various forms
without being limited to the exemplary embodiments set forth
herein. Descriptions of well-known parts are omitted for clar-
ity, and like reference numerals refer to like elements
throughout.

EXAMPLES

In the following examples, the measurement method of a
weight average molecular weight (Mw) of PI was obtained by
gel permeation chromatography (GPC). A molecular weight
distribution of P1is measured using a refractive index detector
(RI Detector, Instruments Model Jasco PU2089) and dichlo-
romethane as a solvent and polystyrene as a standard sample
(Viscotek PolyCAL standard sample, purchased from Ana-
Lab corp.).

Example 1
Synthesis of Phenyl-Fluorene Monomer

1,2,4-trimellitic anhydride acid chloride (120 mmole) was
dissolved in 60 mL of anhydrous THF. Fluorene-9-bisphenol

25
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(60 mmole) and pyridine (14.5 mL.) were dissolved in another
100 mL of anhydrous THF, and then slowly and dropwise
added into the 1,2,4-trimellitic anhydride acid chloride solu-
tion under nitrogen, and then completely reacted at 40° C. for
12 hours. The reaction result was filtered to remove the salt
thereof, and the solvent of the filtrate was removed by a rotary
evaporator to obtain a solid. The solid was washed with
n-hexane and re-crystallized from acetic anhydride two times
to obtain a white solid (yield=75%). The 1H NMR spectrum
of the white solid is listed below: 1H NMR (CDCI3, 400
MHz, ppm): 8.77 (s, 2H), 8.69 (d, 2H), 8.14 (d, 2H), 7.82 (d,
2H), 7.43 (m, 4H). The above-mentioned reaction is repre-
sented as:

HO, OH
O Q N
e}
¢}
Cl pyridine
THF

¢}

0 9 9 0

O O
O 928 O

Phenyl-Fluorene
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Example 2

Synthesis of Naphthyl-Fluorene Monomer

Compound I was synthesized as described below. Fluorene
(0.54 mole), 2-naphthol (1.2 mole), 3-mercaptopropionic
acid (0.0377 mole) and 300 mL of toluene were added into a
reactor (1 L). 10 g of sulfuric acid was slowly and dropwise
added into the reactor, and the compounds in the reactor were
completely reacted at 80° C. for 10 hours. 100 g of toluene
and 30 g of water were then added into the reactor, and the pH
value of the mixture in the reactor was then tuned to 7 by 10%
NaOH aqueous solution. The neutralized mixture was fil-
tered, and the filtered cake was washed with water 5 times.
The washed filtered cake was dried and re-crystallized from
petroleum ether two times to obtain a white solid
(yield=78%). The 1H NMR spectrum of the white solid is
listed below: 1H NMR (CDCI3, 400 MHz, ppm): 7.94 (d,
2H), 7.62 (m, 8H), 7.37 (m, 6H), 7.10 (m, 4H).

The synthesis of naphthyl-fluorene monomer was similar
to that of the phenyl-fluorene, thereby obtaining a white solid
(yield=82%). The 1H NMR spectrum of the white solid is
listed below: 1H NMR (CDCI13, 400 MHz, ppm): 8.82 (s, 2H),
8.69 (m, 4H), 7.96 (d, 2H), 7.65 (m, 8H), 7.40 (m, 6H), 7.15

(m, 4H). The above-mentioned reaction is represented as:
sS04
80°

Cl

10

15

20

25

8
Example 3

Synthesis of Spiro-Fluorene Monomer

Compound II was synthesized as below. 9-fluorenone (60
mmole), resorcin (240 mmole), and zinc chloride (27.01
mmole) were weighted and mixed, and then heated to 140° C.
and remained at 140° C. for 3 hours to be melted. 150 mL of
concentrated hydrochloric acid was slowly added into the
melted mixture to be refluxed for 2 hours. The reaction result
was poured into 1 L of ice water to be precipitated. The
precipitate was collected by filtration and then washed with
n-hexane, and then re-crystallized from petroleum ether two
times, thereby obtaining white solid (yield=70%). The 1H
NMR spectrum of the white solid is listed below: 1H NMR
(CDCI13, 400 MHz, ppm): 7.90 (d, 2H), 7.42 (dd, 2H), 7.23
(dd, 2H), 7.08 (d, 2H), 6.68 (d, 2H), 6.31 (d, 2H), 6.13 (d, 2H).

The synthesis of spiro-fluorene monomer was similar to
that of the phenyl-fluorene, thereby obtaining a white solid
(vield=82%). The 1H NMR spectrum of the white solid is
listed below: 1H NMR (CDCI13, 400 MHz, ppm): 8.80 (s, 2H),
8.65 (m, 4H), 7.90 (d, 2H), 7.45 (dd, 2H), 7.26 (dd, 2H), 7.18
(d, 2H), 6.67 (d, 2H), 6.33 (d, 2H), 6.15 (d, 2H). The above-
mentioned reaction is represented as:

S0

OO o
0

_aCly
Twre

pyridine
THF

928

Naphthyl-Fluorene
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-continued
O D +
O
O
Cl pyridine
THF
[@]
0 Q Q 0
O @) O
(@) [@]

Spiro-Fluorene

Example 4

Synthesis of TPI Polymer

Phenyl-fluorene monomer (10 mmole) was added into a
three-neck bottle and then dissolved by NMP. 4,4'-dihydroxy-

T OO
S20

|
I
Z,

0

10

25

30

O
N (6] —
O O
(6] (6]
(6] O O (6]

10

dipheny] ether (10 mmole) was then added to the three-neck
bottle, such that the solid content of the whole reaction is kept
at 30%. The above reactants were reacted under nitrogen at
room temperature for 24 hours, and appropriate toluene was
then added thereto. Thereafter, the reaction was reacted at
200° C. for 12 hours. The toluene and water was removed out
during the reaction by a Dean-Stark trap device. The reaction
result was cooled to room temperature and then poured into
methanol to be precipitated. The precipitate was collected by
filtration and then dried. The dried precipitate was then dis-
solved in a small amount of NMP, and then precipitated in
methanol. The precipitate was collected by filtration and
dried as pale yellow solid (yield=95%). The 1H NMR spec-
trum of the pale yellow solid is listed below: 1H NMR
(CDCI13, 400 MHz, ppm): 8.72 (s, 2H), 8.60 (d, 2H), 8.08 (d,
2H),7.81(d, 2H),7.53-7.31 (m, 14H), 7.25-7.10 (m, 8H). The
reaction is shown in Formula 8, wherein m represents the
number of repetitions. The aforementioned product, polyim-
ide, has a weight average molecular weight (Mw) of 73260,
and molecular weight distribution is between 88172 and
59603. The thermal decomposition temperature (Td) of the
polyimideis 471° C. so it is heat resistance material. The glass
transition temperature (Tg) of the polyimide is 296° C. After
biaxial stretching (the stretching ratio is 3, and the stretching
temperature is 300° C.), the glass transition temperature (Tg)
is 308° C. Therefore, the aforementioned PI has the advan-
tages of heat resistance (high thermal decomposition tem-
perature and a high glass transition temperature) and excel-
lent hot workability.

(Formula 8)
O
? - @ 0 @ .
¢}
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Example 5
Synthesis of TPI Polymer
Example 5 was performed in the similar manner as in
Example 4 except that the phenyl-fluorene monomer of
Example 1 was changed to the naphthyl-fluorene monomer of
Example 2. The reaction of Example 5 is shown in Formula 9,
wherein m represents the number of repetitions. The afore-
mentioned product, polyimide, has a weight average molecu-
lar weight (Mw) of 64110, and molecular weight distribution

O,

12

is between 78311 and 51023. The thermal decomposition
temperature (Td) of the polyimide is 485° C. so it is heat
resistance material. The glass transition temperature (Tg) of
the polyimide is 302° C. After biaxial stretching (the stretch-
ing ratio is 3, and the stretching temperature is 305° C.), the
glass transition temperature (Tg) is 315° C. Therefore, the
aforementioned Pl has the advantages of heat resistance (high
thermal decomposition temperature and a high glass transi-
tion temperature) and excellent hot workability.

(Formula 9)

o, O OO0

S20

|
I
z,

0

820

"rogoc Y@{H}

40

45

Example 6
Synthesis of TPI Polymer

Example 6 was performed in the similar manner as in
Example 4 except that the phenyl-fluorene monomer of
Example 1 was changed to Spiro-fluorene monomer of
Example 3. The reaction of Example 6 is shown in Formula
10, wherein m represents the number of repetitions. The
aforementioned product, polyimide, has a weight average
molecular weight (Mw) of 43840, and molecular weight dis-
tribution is between 55631 and 32008. The thermal decom-
position temperature (Td) of the polyimide is 481° C. so it is
heat resistance material. The glass transition temperature
(Tg) of the polyimide is 311° C. After biaxial stretching (the
stretching ratio is 3, and the stretching temperature is 315° C.,
the glass transition temperature (Tg) is 319° C. Therefore, the
aforementioned Pl has the advantages of heat resistance (high
thermal decomposition temperature and a high glass transi-

tion temperature) and excellent hot workability.
(Formula 10)

O
o} 0O - HN e} NH.
O O O
s | b
(6]
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-continued _
[ O (0]
—+—N N o} —
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o [ o

(6] (6]
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It will be apparent to those skilled in the art that various -continued

modifications and variations can be made to the disclosed
embodiments. It is intended that the specification and
examples be considered as exemplary only, with the true 2
scope of the disclosure being indicated by the following

claims and their equivalents.

What is claimed is:
1. A dianhydride, having a structure represented by For- 25

mula 1
O O
(@)
AT
N
(@)
F. lal
(Formula 1) 40
O O
(@) O
AT
(@] O
45
O [@]
50
wherein Ar is
55

O O
// \\
60
Q O 65
or

2. A polyimide comprising at least one repeating unit rep-
resented by formula 2:

(Formula 2)
O

N@O ’

¢}

wherein Ar is

and n is an integer from 1 to 5.

3. The polyimide as claimed in claim 2, wherein n is an
integer from 1 to 2.

4. The polyimide as claimed in claim 2, wherein the poly-

imide has a weight average molecular weight (Mw) of 20000
to 80000.
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